Background: Variation in hospitalization rates have been described for decades, yet little is known about variation in emergency department (ED) admission rates across clinical conditions. We sought to describe variation in ED risk-standardized admission rates (RSAR) and the consistency between condition-specific ED admission rates within hospitals.
Recent work has shown nearly 3-fold variation in overall rates of hospital admission from hospital EDs, but we know little about whether this variation is consistent across conditions within EDs or varies based on condition. 6, 7 Prior work studying variations in hospitalization rates have designated many hospitalizations as "discretionary" because of substantial variation in patterns of care. [8] [9] [10] However, previous studies have not compared variation between conditions, which would focus provider and policymaker efforts on the conditions for which admissions are most discretionary. Nor has prior work assessed the consistency of hospital-level variation across conditions evaluated in the ED to assess whether each hospital's practices optimize admission decisions. In an era of Accountable Care Organizations and various incentives to improve hospital efficiency, hospitals and policymakers are seeking tools to measure and manage hospital admissions and better align the intensity of medical resource expenditures with the needs of individual patients. 11 We hypothesized that select conditions would demonstrate substantial variation in ED admission rates despite adjustment for both patient factors that contribute to differences in hospital case-mix and traditional hospital factors such as teaching status, ED volume, or geographic location. Our objective was to describe condition-specific, riskstandardized variation in ED admission rates to identify conditions with the highest degree of variation, or potentially discretionary conditions. To further understand the unique ED admission patterns within each hospital, we also explored the degree to which within-hospital conditionspecific, risk-standardized admission rates (RSAR) are correlated. We sought to explore these objectives using a large, national sample of ED visits. To permit national use of these findings, we built upon the hospital profiling methodology used for the publicly reported federal government outcome measures.
METHODS

Design and Dataset
We performed a cross-sectional analysis of the 2009 National Emergency Department Sample (NEDS). The NEDS is assembled by the Agency for Healthcare Research and Quality and is the largest all-payer ED database in the United States and includes >25 million records from 964 hospitals, which represent an approximately 20% stratified sample of US hospital-based EDs. Hospital survey weights available in the dataset were not utilized for this study, as national estimates are not described. Patient data in the NEDS are deidentified, and therefore all analyses are conducted at the visit-level and cannot account for patients potentially being included in the analysis more than once. This study was deemed exempt from IRB review by the Yale University Human Research Protection Program.
Study Sample and Data Definitions
We included all adult ED visits in 2009 in the study sample. We excluded all visits with ED disposition of "died in ED," "left against medical advice," or whose ED disposition was "unknown" when disposition decisions could not be reliably evaluated. Patient-level information available in the NEDS included age, sex, payer/insurance status, median income of patient's zip code, and ICD-9 principal and secondary discharge diagnoses. The Agency for Healthcare Research and Quality Clinical Classification Software (CCS) was used to group each visit's principal ED or hospital discharge diagnosis into meaningful clinical conditions. The CCS schema is a mutually exclusive set of 275 clinical condition categories that includes >14,000 ICD-9 diagnoses and 3900 ICD-9 procedure codes. 12 Because the NEDS does not include a patient's chief complaint or reason for ED visitation, all visits are grouped on the basis of the discharge diagnosis, which is most likely to represent the final diagnosis upon ED or hospital discharge. We also applied the Charlson Comorbidity Index to all secondary diagnoses to enable patient comorbidity adjustment. 13 In addition, hospitallevel information available in the NEDS included: teaching status, hospital region, trauma center designation, ownership status, and urban/rural designation from the American Hospital Association Annual Survey. We additionally created a hospitallevel variable on the basis of annual ED visit volume for stratification purposes that classified EDs as small (<10,000 annual ED visits), medium (10,000-50,000 visits), or large (> 50,000 visits).
Outcomes
The primary outcome was the ED RSAR for each clinical condition. We defined admission as patients with disposition from ED of "admitted as an inpatient to this hospital" or "transfer to short-term hospital" due to the large proportion of patients transferred from smaller EDs for acute care hospital and specialty services. We included transfers as part of the outcome because all require additional acute services beyond a usual ED visit, most result in hospital admission at the receiving hospital, and finally to enable more comparisons between smaller EDs and larger referral EDs. Patients admitted to observation status are not considered inpatient hospitalizations because of limitations of the NEDS.
RSAR
We identified the 15 clinical conditions (based on CCS) most frequently admitted to the hospital on the basis of the annual number of admissions from the ED. We analyzed the top 15 conditions to ensure that each hospital had a sufficient number of visits to permit statistical comparisons and to ensure that our work identified conditions with the potential to impact hospital care. We utilized hierarchical generalized linear models (HGLM) to calculate the independent, condition-specific RSAR for each hospital. The RSAR was created to enable hospital-level profiling of ED disposition decisions using the same methodology as used by the Centers for Medicare and Medicaid Services for publicly reported hospital readmission and mortality measures. [14] [15] [16] Only hospitals with a minimum of 25 ED visits specific to each clinical condition were included to ensure stability of estimates in accordance with current publicly reported measures. 17 To account for differences in patient characteristics the RSAR is adjusted for patient age, sex, income, and 18, 19 The use of HGLM allows for adjustment of patient characteristics and a random hospital intercept to account for clustering of observations. 16 The RSAR was calculated as the ratio of the number of predicted admissions to the number of expected admissions at a given hospital for each condition. The predicted number of admissions is based on the hospital's observed case-mix, whereas the expected number of admissions is based on the average hospital's performance with similar case-mix. In short, the RSAR allows for comparison of a given hospital's case-mix-specific admission rate with an average hospital's admission rate with that same case-mix. Thus, a lower ratio (RSAR < 1) indicates a lower-than-expected admission rate, and a higher ratio (RSAR > 1) indicates a higher-thanexpected admission rate.
Statistical Analysis
All analyses were conducted using SAS software version 9.3 (SAS Institute Inc., Cary, NC) and hierarchical logistic models were estimated using the GLIMMIX macro in SAS. Statistical significance was considered P < 0.05.
Analysis of Variation in ED Admission Rates
We constructed summary statistics using frequencies and proportions for categorical variables and means and medians with interquartile ranges (IQR) for continuous variables. We reported the sample unadjusted admission rate and hospital variance in the unadjusted admission rate for all 15 conditions. We reported hospital-level variation in the condition-specific RSAR as medians and percentiles. To compare the magnitude of variation between conditions, we reported the ratio of the 75th percentile hospital to the 25th percentile hospital and the coefficient of variation for each condition-specific RSAR. The coefficient of variation, defined as the ratio of the SD to the mean, was analyzed in addition to the ratio between the 75th and 25th percentile hospitals because it represents a normalized measure of dispersion that allows for the meaningful comparison of variation between conditions that have different mean admission rates. We also displayed condition-specific RSAR variation with the use of Turnip plots. We assessed model performance by calculating the area under the receiver operating characteristic curve to report C-statistics. The Cstatistic is an indicator of the model's discriminant ability to correctly classify those who have and have not been admitted to the hospital. We calculate C-statistics on the basis of the observed admissions and the predicted probability.
Analysis of Hospital Predictors of Variation
We sought to describe the association between hospital characteristics and condition-specific, ED RSAR to identify exogenous variables at the hospital level that impact the measurement of admission rates. To evaluate this association, we selected the 5 conditions with the highest degree of variability, defined as the highest ratio between the 75th and 25th percentile hospitals and highest coefficient of variation, for further analysis. The 5 conditions with the highest ratio in RSAR between the 75th and 25th percentile hospitals also had the highest coefficient of variation. We included each hospital factor including: teaching status, urban/rural location, ownership, trauma center designation, and regional location into the HGLM. We report the 80% interval odds ratio (IOR-80) as a measure of association between hospital-level characteristics and condition-specific RSAR. The IOR-80 takes into account hospital-level residual variations and is considered a superior measure of hospital-level effects versus the traditionally reported mean odds ratio in HGLM. 20 The IOR-80 is reported as an interval similar to the traditional mean odds ratio; an IOR-80 of 1 indicates that the effect of the hospital characteristic is weak in comparison with the remaining residual heterogeneity between hospitals.
Within-hospital RSAR Correlation
To examine the degree of association between hospitals' condition-specific RSAR, we report Spearman correlation coefficients comparing within-hospital, condition-specific RSARs.
Sensitivity Analysis
To test the effect of including ED transfers on our outcome definition we performed the condition-specific analyses of RSAR variation including only same-hospital admission as the outcome.
RESULTS
Sample Characteristics
In the 2009 NEDS, 21,885,845 ED visits from 964 hospitals met our inclusion criteria. Of all hospitals, 42% were metropolitan nonteaching, 17% were metropolitan teaching, and 41% were located in nonmetropolitan areas. The majority of hospitals were nonprofit (60%) and nontrauma centers (82%). The median annual ED volume per hospital was 23,265 visits (IQR: 9484-42,509).
The median sample age was 44 years (IQR: 19-61) and predominantly female (58%). Sample distributions of median zip code income and insurance status are described in Supplementary 
Unadjusted ED Admission Rate
Of all ED visits, 4,470,105 (20%) resulted in admission. Among all hospitals, the unadjusted median admission rate was 17.6%, ranging from 7.8% at the fifth percentile to 33% at the 95th percentile (IQR: 13%-23%) ( Table 1 ). The most frequently admitted condition was pneumonia (185,922 admissions/y); the 15 conditions most frequently admitted from the ED are shown in Table 2 . Of these 15, septicemia, acute myocardial infarction, and acute cerebrovascular disease had the highest hospital-level median admission rates and the lowest variation: septicemia (median 99.1%, IQR: 97.6%-99.9%), acute myocardial infarction (median 98.5%, IQR: 94.7%-99.8%), and cerebrovascular disease (median: 93.4%, IQR: 87.2%-96.7%). The 5 conditions with the highest hospital-level variation in the unadjusted admission rate were mood disorders (median: 21.1%, IQR: 5.8%-51.8%), nonspecific chest pain (median: 17.7%, IQR: 10.7%-30.1%), skin and subcutaneous tissue infections (median: 13.9%, IQR: 8.6%-20.8%), urinary tract infections (median: 16.6%, IQR: 11.8%-23.6%), and chronic obstructive pulmonary disease (COPD) (median: 32.9%, IQR: 22.4%-46.0%). Figure 1 shows Turnip plots for each condition-specific RSAR. All 15 condition-specific models had good discrimination with C-statistics >0.77 (range: 0.77-0.90) ( Table 2) . Of the 15 most frequently admitted conditions, the 5 con-ditions with the highest variation, as defined by both the IQR and the coefficient of variation, were: mood disorders (ratio of 75th:25th percentile, 6.97; coefficient of variation, 0.81), nonspecific chest pain (2.68; 0.66), skin and soft tissue infections (1.82; 0.51), urinary tract infections (1.58; 0.43), and COPD (1.57; 0.33). In comparison, the conditions with the least amount of variation were septicemia (1.02; 0.06), acute myocardial infarction (1.04; 0.10), acute cerebrovascular disease (1.08, 0.09), and congestive heart failure (1.17, 0.14). Sensitivity analyses that did not include transfers in hospital admissions identified the same 5 conditions as having the highest degree of variation.
Hospital-Level Variation in RSAR
Hospital Characteristics Associated With the RSAR
In Table 3 , we evaluated the association between each hospital characteristic and condition-specific variation for the 
Degree of Association Within Hospitals for the Condition-specific RSAR
The within-hospital correlation between conditionspecific RSARs for the 5 conditions with the highest variability is shown in Table 4 . All correlations were statistically significant (P < 0.001). Skin and subcutaneous tissue infections and urinary tract infections had the highest withinhospital correlation (r = 0.74). The within-hospital correlation between the Mood Disorders RSAR and other highly variable conditions was the weakest, with all correlations < 0.3.
DISCUSSION
We found wide variation in ED admission patterns across a national sample of US hospitals. Among the 15 conditions that most frequently resulted in a hospital admission, we identified mood disorders, chest pain, skin and soft tissue infections, urinary tract infections, and COPD as 5 conditions with markedly higher hospital-level variation in ED admission rates even after adjustment for numerous patient-level characteristics and hospital case-mix. Conditionspecific variation in ED admission rates for these select conditions were 3-to 5-fold higher than for conditions such as pneumonia or congestive heart failure, which are the focus of most condition-specific quality assessment programs used by CMS. This magnitude of condition-specific variation carries numerous implications for clinicians making hospital admission decisions, hospitals seeking to understand acute care delivery patterns, and policymakers attempting to identify targets for hospital efficiency accountability measures.
The wide variation in hospital admission from the ED for these conditions, based on the ED to which a patient arrives irrespective of the patient or hospital characteristics, suggests that physicians and hospitals are applying different criteria in the decision to admit these patients. Not surprisingly, conditions such as sepsis, acute myocardial infarctions, and stroke had virtually no RSAR variation between EDs as these are time-sensitive illnesses that necessitate hospital admission. In contrast, none of the 5 conditions we identified as having high variation in RSARs necessarily requires admission. All 5 conditions lack either clinical practice guidelines or established clinical pathways to incorporate patient preferences and outpatient access into hospitalization decisions. This lack of clear guidance reflects the diagnostic uncertainty associated with conditions such as chest pain and COPD, which could evolve into an acute myocardial infarction or respiratory failure, as well as the paucity of tools to risk-stratify infectious processes such as urinary tract infections and cellulitis, for which the decision to admit patients for IV antibiotics may reflect provider-level clinical practice variation, as has been demonstrated for pneumonia. 21 The clinical categories with higher variation are also more diagnostically ambiguous, which may reflect the need for more accessible diagnostic and prognostic capabilities for conditions such as chest pain in comparison with well-defined clinical conditions such as an acute myocardial infarction for which little variation exists.
The substantial variation identified in ED admission rates for several conditions does not suggest a "correct" hospital-level rate for ED admission, but rather demonstrates the variability in practice between EDs across the country that cannot be accounted for by differences in the patient case-mix or structural differences between hospitals. We found that a hospital's teaching status, location, ED volume, and several other factors did not explain these differences between hospitals, suggesting that other factors may be a primarily responsible for this variation. This finding is in contrast to that by Pines et al 6 who found that larger hospitals had higher allcause admission rates. This difference may be due to our analysis of hospital characteristics on condition-specific rates and our statistical approach that utilized a hierarchical structure as well as the IOR as optimal for hospital-level profiling.
The consistent variation evidenced by high withinhospital correlations between condition-specific RSARs for urinary tract infections, skin infections, and COPD suggests that unmeasured hospital practices common to all of these potentially discretionary conditions may drive variation. Previous work has demonstrated within-geography correlation in condition-specific hospitalization rates; more recent data have demonstrated within-hospital correlation for readmission rates. 10, 22 Our work extends these findings to the ED setting and suggests that this correlation may be explained by unmeasured hospital-level factors that cross all potentially discretionary conditions. These factors could include hospital bed availability, as has been suggested by Wennberg and colleagues' work regarding supply-sensitive utilization, or less studied factors such as local practice culture, admission processes, and capacity of general medi-cal services, and the availability of alternative care settings such as observation units. Hospital admission patterns may also be driven by a hospital's location and associated community resources. As many US communities only have access to a single ED and hospital, admission rates may reflect the local community's lack of social services or ambulatory clinics. Taken in conjunction with the lack of association found between any hospital factor and RSAR variation, these correlations demonstrate the need for hospitals seeking to provide population-level acute care to consider broad hospital processes in addition to condition-specific factors when designing interventions to improve the efficiency of hospital care. These interventions to reduce variation could include better chronic disease management programs or facilitating community support resources to reduce acute exacerbations or the use of alternatives to hospitalization such as observation care of rapid follow-up clinics.
Policymakers seeking to improve the quality and reduce the cost of hospital care delivery should interpret this condition-specific variation in ED RSAR as a potential target for future hospital efficiency. The National Quality Forum recently published a report that sought to identify 20 highimpact conditions for quality measurement in the Medicare program on the basis of dimensions of cost, prevalence, improvability, variability, and disparities. 23 Two conditions identified in this work-chest pain and COPD-closely mirror or fall within the top 10 of this list and may represent ideal initial targets for the measurement of acute care efficiency. The development of future condition-specific measures of ED admission rates will also create common targets for providers and policymakers seeking to prioritize investments in outpatient and social services and reduce variation in hospitalization rates and health care costs. Over 2 decades ago, Wennberg et al 9 reported condition-specific variation in hospitalization rates between 2 cities for pneumonia, heart failure, gastroenteritis, diabetes, cardiac arrhythmias, and COPD. Our work extends upon these observations by utilizing contemporary hospital profiling methods and evaluating modern acute care where gastroenteritis is largely managed in the outpatient setting, and where pneumonia shows considerably less variation in ED admission rates than other acute, medical conditions after risk standardization. Translating this work into national measures of hospital efficiency, however, requires the ability to better distinguish underuse from the overuse of hospital admission. High variation may not imply health care overuse; previous work by Restuccia et al 24 showed no relationship between geographic hospitalization rates and inappropriate hospitalizations. In addition, higher admission rates for higher-risk but diagnostically ambiguous conditions such as chest pain, which may represent an early acute myocardial infarction, may reflect lower risk tolerance due to local medicolegal climates or the need to compensate for limited access to outpatient specialty care. Before national policies can be implemented, future work is necessary to understand both whether this variation reflects the use of alternatives to hospitalization by some EDs or unexplained care patterns, and whether this variation impacts downstream outcomes such as ED revisitation, hospital readmission, and patient-reported outcomes such as speed of recovery from acute illness.
In contrast to the consistent patterns of variation found for potentially discretionary medical conditions, patients with mood disorders demonstrated considerably greater variation in admission patterns that likely carry different policy implications. This may represent variable access to mental health resources between hospitals including both inpatient psychiatric facilities and intensive outpatient programs. EDs that are frequently burdened by overcrowding, particularly for patients with mental health needs, may be more likely to admit these patients to the hospital to create necessary ED capacity. It is also possible that our use of administrative claims data cannot capture the clinical information that may be the primary driver of hospitalization. Similarly, the within-hospital RSAR correlation between mood disorders and the other 4 potentially discretionary conditions was quite low, suggesting that factors driving ED admission decisions for mood disorders are less likely to be driven by unmeasured hospital-level factors, and more likely to reflect a combination of ED practice variability and local mental health care access. Measuring ED admission rates for mood disorders may in fact reflect community behavioral health performance, whereas measuring ED admission rates for medical conditions may be more suitable for hospital profiling.
These findings must be interpreted within the limitations of our study design. Although the methods used to develop the condition-specific models for this analysis was built upon prior work endorsed by the National Quality Forum and implemented for national use by CMS, our use of an administrative claims dataset for the measurement of ED admissions and risk standardization has not been validated in comparison with clinical review of medical records. As such, although we use well-established methods for case-mix adjustment based on clinical comorbidities, these methods may not effectively account for all differences in clinical severity that impact hospitalization decisions. Using the NEDS precluded analysis of observation services, the use of which has been rising in recent years for the conditions identified in our work. However, it is unlikely that the use of observation services can explain this wide variation as only 1% to 6% of patients are admitted to observation status following ED evaluation for these potentially discretionary conditions. 25 In addition, our work utilized deidentified administrative claims data that lack clinical granularity as well as information about hospital environments. Future work could leverage newer electronic health record data to develop even more robust risk-adjustment models as well as primary data collection methods to understand the impact of patient and provider attitudes, local medicolegal environments, hospital care processes, and community resources on variation in ED admission rates.
CONCLUSIONS
We demonstrate wide variation in ED admission rates for select conditions that represent meaningful targets for improvement at the hospital level. Providers seeking to improve the efficiency of care delivery should develop clinical evidence and guidelines as well as hospital-level processes to safely reduce variation in admission rates for potentially discretionary conditions, whereas policymakers should develop quality measures to ensure that we achieve improve- ment. As inpatient hospital care comprises over one third of health care spending in the United States, the success of efforts to improve the quality of health care in the United States demand a better understanding of ED admissions decisions to ensure the optimal use of scarce hospital resources for the right patients at the right time.
